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SECTION 1 FEATURES AND SPECIFICATIONS 


1-1. PHYSICAL AND ELECTRICAL SPECIFICATIONS 

a. DC to 8 MHz (+1, -5 dB) of the vertical amplifier is more than enough needed for both color 
and monochrome TV service. The horizontal amplifier frequency response is from DC to 1 MHz 
(+1, - 3 dB). Both amplifiers feature push-pull amplification throughout for minimum distortion, 
while the direct-coupled design eliminates low-frequency phase shift or response fall off. This DC 
design also permits making true voltage measurements of any waveform. 

b. А pair of zener-controlled voltage reference sources, and their associated adjustment poten- 
tiometers provide an accurate source of calibration voltages for both the horizontal and vertical 
channels. 


c. Using a 1500- volt accelerating potential provides a sharp, bright, trace free from blooming. 
A mu-metal CRT neck shield minimizes the effects of external magnetic fields. 


d. Distortionless vertical and horizontal gain and drift-free V & H positioning up to many times 
the actual viewing screen diameter. 


e. Automatic sync limiter and amplifier provides rock-steady sync signals for the sweep circuits. 
f. Full retrace blanking is provided to remove objectionable background clutter. 


с. Edge-lit calibration grid on a green filter screen has its illumination level controlled by front- 
panel control. 


h. Human-engineered front panel features all controls in logical order and grouped for easiest use. 


i  Front-panel switches enable switching either vertical or horizontal channel to either AC or DC 
response. | 


j. Heavy-duty power supply reduces generated heat and makes for a long component life. 


К. Each channel is provided with its own internal voltage calibrator. 


1-2. CONTROL FEATURES & FACILITIES 


a. Both the vertical and horizontal channels use a four-position, frequency compensated input 
decade attenuator, plus а calibration position. А concentric gain control is effective in all positions, 
including the calibration position. A slide-switch is provided for each channel to select either direct 
coupling (DC) or capacitive coupling (AC). 


b. Both amplifiers can be balanced at any time via a pair of balance controls that can be adjusted 
through a pair of small holes on the front panel. 


c. The horizontal sync selector permits selection of either internal positive or negative, external, 
60 Hz, or provides a 60-Hz sweep. А sixth position passes an external signal into the horizontal 
amplifier. 

d. Sweep-range selection from 10 Hz to 100 kHz in four overlapping ranges, plus a preset TV 


vertical and horizontal sweep positions (30 and 7875 Hz respectively). А concentric sweep vernier 
permits adjustment within any range. 


e. Scale illumination, and CRT intensity, focus, and astigmatism are all controlled by front panel 
controls. 


f. An intensity modulationinput is provided on the rear panel. 
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i70. OE DUILPLUALLUIND 
a. Vertical amplifier: 
Frequency response: DC to 8 MHz (+1, - 5 dB) 
Sensitivity: 12 mV per cm r.m. s. 
Input impedance: 1 ерен; shunted by 35 pF 
Calibration voltage: zener-controlled 200 mV peak-to-peak, +1% 
Input scale attenuation: .05, .5, 5, and 50 volts/cm 
b. Horizontal amplifier: 
Frequency response: DC to | MHz, +1, -3 dB 
Sensitivity: 17 mV рег cm r.m.s. 
Input Impedance: 1 megohm shunted by 35 pF 
Calibration voltage: zener-controlled 500 mV peak-to-peak, +1% 
Input scale attenuation: .05, .5, 5, and 50 volts/cm 
c. Sweep ranges: 


10-100 Hz, 100 Hz- 1 kHz, 1-10 kHz, 10-100 kHz, plus fixed TV vertical(30 Hz), and horizontal 
(7875 Hz). 


d. Intensity modulation: 

З volts г. m.s. blanking 

Input impedance 2.2 megohms 
e. Tube complement: 


1-12AZ7, 1-12АТ7, 2-6AU8, 2-12ВУТ, 3-6BL8; 3 silicon rectifiers, | silicon HV rectifier, 
2 zener diodes, БОЕР! СЕТ. 


f. Power supply: 
1l7-volts AC, approximately 140 watts 
в. Біле: 


12 1/2 high x 8 1/2 wide x 17 1/2 deep 
h. Weight: 27 lbs. 


1-4, CONTROLS AND INPUT TERMINALS 


The Model 465 has its controls and input terminals grouped in logical arrangement as for use. 
All controls for either channel are vertically grouped on each side of the front panel, the sync and 
sweep controls are in the middle segment, while the CRT controls are grouped alongside the CRT 
Screen, 


a. The AC power on/off switch is located on the SCALE ILLUMination control and is operated by 
rotating this control clockwise from the OFF position. This also turns up the scale illumination. 
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b. The INTENSITY, FOCUS, and ASTIGmatism controls determine Ше brightness and sharpness 
of the visible trace. The INTENSITY control determines the brightness, while both FOCUS and 
ASTIGMATISM determine the sharpness. These three controls interact to a slight extent, therefore, 
a change in any control setting may require a change in all. 


c. In both amplifier groupings, the topmost control (V/CM) selects the amount of input attenuation, 
in conjunction with its concentric gain control. In both cases, the calibration voltage position is 
indicated in red. Both POSITION controls adjust the location of the trace on the screen. The HORIZ 
position control moves the trace to the right or left, while the VERTICAL control adjusts the trace 
up and down. 


Each input attenuator provides four degrees of attenuation; resulting in either .05, .5, 5, or 
50 volts-per-cm deflection. Each input is obtainable with either AC or DC coupling by operation of 
either AC-DC switch located near the bottom of each channel section. The use of direct coupling 
(DC) prevent phase shifts and amplitude distortions of low-frequency waveforms and also provides 
a DC reference line to be established for accurate amplitude measurement. AC coupling is used 
when observing a small a.c. signal superimposed on a relatively large d.c. voltage. At the CAL 
position, the square-wave calibration voltage is fed directly to the amplifier, bypassing the decade 
attenuator switch, but not the GAIN control. By setting the vertical GAIN control for a vertical trace 
size of four major divisions (4 cm), the basic 50 mV/cm sensitivity is obtained when setting the VERT 
AMPLIFIER V/cm switch to the .05 position and sensitivities of .5, 5, and 50 volts/cm at the other 
three positions provided that the VERT AMPLIFIER V/CM GAIN control is not changed. 


By setting the HORIZ AMPLIFIER V/CM switch to the CAL position, and setting the GAIN 
control for a trace of 10 divisions long (10 cm), the basic 50 mV/cm sensitivity is obtained for the 
horizontal channel when resetting the HORIZ AMPLIFIER V/CM switch to the .05 position, and 
sensitivities of .5, 5, and 50 volts/cm at the other three positions provided that the HORIZ AMPLI- 
FIER V/CM GAIN control is not changed. 


d. - Both vertical and horizontal channels GAIN controls can be adjusted for any desired signal 
height, or trace length, if accurate calibration is not needed. 


e. Both VERT AMPLIFIER and HORIZ AMPLIFIER INPUT and GND terminals will accept standard 
scope connectors, probe leads, or plain wires. 


f. The SYNC SELECTOR switch has four sync positions to permit sync selection for the sweep 
generator. At Ше 602 position, an a.c. signal of power-line frequency is taken from the power 
supply and applied to the sweep generator to synchronize it at power-line frequency. At Ше EXT 
position, an external signal applied to the HORIZ AMPLIFIER INPUT binding post syncs the sweep 
generator. At both "+" and "-" positions, the synchronizing signal is derived internally from the 
vertical (signal) amplifier. At "+", synchronization occurs on Ше positive-going edge of the applied 
input signal. At "-", from the negative-going portion of the applied vertical channel signal. At the 
600 HORIZ position, an a.c. voltage is taken from the power supply and used as the input to the 
horizontal amplifier to form the sweep. In the EXT HORIZ position, the signal applied to the HORIZ 
AMPLIFIER INPUT binding post forms the sweep. 


є. The SWEEP RANGE switch selects the frequency band over which the concentric vernier (VERN) 
control can be varied for frequency adjustment of the internal linear sweep, or the preset VERT TV 
or HORIZ TV positions, designed to eliminate the need for repeated adjustment of the SWEEP RANGE 
switch when working on TV sets that use two widely spaced frequencies for vertical and horizontal 
circuits. In the four numbered positions, the numbers above the positions markers indicate the upper 
and lower frequency limits of the band (approximately), for that particular position. The convenience 
provide by the VERT T V and HORIZ TV positions is as follows: ifatthe VERT TV position, the 
SWEEP RANGE VERNier is set to display two full cycles of a 60 Hz signal to obtain a sweep frequency 
of 30 Hz, placing the SWEEP RANGE switch in the HORIZ TV position will result in an automatic 7875 
Hz display without any adjustment of the VERNier. 

















и. љи exuernar уопаре ior tne purpose of intensity (Z axis) modulation may be applied between Ше 
rear-panel intensity modulation pin jack and chassis ground. Do not apply more than 3 volts peak to 
this input or the life of the CRT may be greatly shortened. Do not allow the CRT grid to swing positive 
(indicated by a noticeable defocussing of the trace). 


1-5. NOTES ON CONTROLS AND TERMINALS 


a. Proper trace definition will be obtained only if the FOCUS and ASTIG controls are correctly 
adjusted, and the scope is not operated in strong magnetic fields such as those found near large power 
transformers, radio transmitters, and power-generating equipment. These strong magnetic fields 
may distort the electron beam that produces the trace. 


b. A sharply focussed line, or a small dot of high intensity, should not be permitted to remain 
stationary on the screen for any period of time (more than a 1/2 minute or so) or the screen may be 
burned. А trace of excessively high intensity will burn the screen in 3 to 5 minutes, therefore, do 
not keep the INTENSITY control turned up for extended periods of time. Burned portions of the screen 
will no longer fluoresce and are useless for observation. If it is required to have a fixed trace on the 
screen for a long period of time, reduce the intensity of the trace to minimum. 


c. When either AC-DC switch is placed in the DC position, the d.c. component of any signal fed to 
the amplifier will be amplified along with the a.c. component of the signal. The direction of trace 
movement is UP for a positive voltage and DOWN for a negative voltage. Therefore, when going from 
observation of a pure a.c. signal to one containing d.c. (or vice versa), it may be necessary to use 
the POSITION control to bring the trace back on the screen. Any d.c. component has no effect when 
the AC-DC switch is in the AC position. 


d. A trace can be expanded horizontally and/or vertically to several times full screen without dis- 
tortion by using the amplifier V/CM switch and concentric GAIN control. Likewise, trace positioning 
is several times screen diameter to permit examination of any portion of the expanded trace. 


e. An independent DC BALance control is provided for each channel. These are accessible through 
small holes on the front panel. When they are properly adjusted, there should be no shifting of the 
trace (no signal applied) when the GAIN control is rotated from minimum to maximum. Detailed. 
alignment will be given in the MAINTENANCE section. 


f. The vertical channel voltage calibration developes a negative-going signal. This means that if 
the top of the calibration square wave is set to the horizontal center line of the calibration grid, (using 
the vertical channel POSITION control), the horizontal center line becomes the "zero center" for the 
calibration grid (assuming that the DC balance is correct). Under these circumstances, direct read- 
ing of AC, DC, or AC superimposed on DC voltages can be made. The horizontal center line is zero 
voltage, while trace points above the center line are positive, and below the center line are negative. 
Once calibration has been made, then operation of the V/CM control can be used to determine the 
signal voltage level. Pure DC voltages are determined by noting the distance above the horizontal 
center line (for positive signals) or below the center line for negative levels, and multiplying the 
displacement in cm (smallest grid division is 2 mm, major division is 1 cm), by the sensitivity of 
the particular V/CM switch position. For example - an unknown DC voltage applied to the VERT 
AMPLIFIER INPUT and GND binding posts at the . 05 position of the V/CM switch causes a downward 
trace displacement of 2 1/2 small grid division (4 1/ 2mm). Since Ше deflection is downward, the 
voltage is negative. As the sensitivity is 50 mV/cm in the .05 position, the DC voltage is 25 mV. 

AC waveforms with or without a DC component can be read as to absolute voltages at any point, and 
including the value of any DC component. For example - an unknown voltage applied to the vertical 
channel at the .5 position, displays a waveform having a positive peak 4 major divisions above the 
horizontal center line and a negative peak 2 major divisions below the horizontal center line. As the 
sensitivity at the .5 position is 500 mV/cm, the positive peak is 2 volts and the negative peak is 1 
volt (3 volts peak-to-peak). When the AC-DC switch is in the AC position, the positive peak moves 
11/2 major divisions (7 1/2 minor divisions) downward so that the positive peak is now only 2 1/2 
major divisions (12 1/2 minor divisions) above the horizontal center line. Since 1 major division is 
500 mV at the .5 position, the DC component of the voltage is 11/2 cm x 500 mV/cm ог 750 mV and 
positive. If the signal under observation is a sine-wave only, the r.m.s. value may be calculated by 
dividing the peak-to-peak value by 2. 8. 


5 


SECTION 2 OPERATION 


To obtain the best results with your scope, it is advisable to become acquainted with the functions 
and correct usage of the panel controls and terminals, by making some simple tests. These tests 
will also assure you that the instrument is in perfect working order. Do not attempt this procedure 
with kits before all final checks have been completed and all initial adjustments have been completed 
as explained in the MAINTENANCE section. 


a. Set the SCALE ILLUM control to OFF, INTENSITY, FOCUS, and ASTIG to the center of their 
range. 


b. On Ше VERT AMPLIFIER section, set the V/CM switch to 50 and the GAIN control fully counter- 
clockwise. Set POSITION near the center of its range. 


c. Оп ће HORIZ AMPLIFIER section, set the V/CM switch to . 05 and the GAIN control fully 
counterclockwise. The POSITION control should also be set about half way. 


d. Set the SYNC SELECTOR control to EXT. HORIZ. Set the SWEEP RANGE and VERN control 
to any position. 


e. Insert the power cord into a nominal 117-volt, 60-Hz outlet. 
WARNING 
This instrument will not operate, and will be seriously damaged, if connected to any other 
type of power source (suchas d.c., 25-Hz, 200/240- volts a.c.), unless fitted with specialized 
power supply components. 


f. Rotate the SCALE ILLUM off the OFF position and note the click as the associated switch is 
operated. The small pilot lamp at the bottom of the front panel should glow. The two scale illumi- 
nation lamps will start to glow and this glow can be increased by rotating the SCALE ILLUM control 
more clockwise. Set the scale illumination at a low level. 


є. As Ше unit warms up, a bright spot should appear. If the spot does not appear, it may be 
necessary to rotate the INTENSITY control slightly more clockwise, and possibly make some ad- 
justment to both POSITION controls. 


h. Using the POSITION controls, center the spot on the screen. 


1. Adjust the FOCUS and ASTIG controls for the sharpest image. Note that there is some inter- 
action between the INTENSITY, FOCUS, and ASTIG controls, therefore, all three will have to be ad- 
justed for the sharpest results. 


|. Set the SYNC SELECTOR switch to either "+" or "-". Advancing the HORIZ AMPLIFIER GAIN 
control clockwise should cause the dot to extend into a horizontal line. This is the horizontal linear 
sweep. Reset the SYNC SELECTOR to EXT HORIZ and note that the trace drops back to a dot. Any 
signal, even touching the HORIZ AMPLIFIER INPUT terminal, will cause a trace to appear whose 
length is a function of the HORIZ AMPLIFIER V/CM switch and GAIN control. 


k. Set the SYNC SELECTOR back to 602 HORIZ. The length of the horizontal line seen on the 
screen is also a function of the setting of the HORIZ AMPLIFIER V/CM switch and its associated 
GAIN control. This trace is a 60-Hz sine sweep and is used for certain set alignments. 


221. Set the SYNC SELECTOR to "+", and HORIZ AMPLIFIER V/CM and GAIN controls for a useful 
long trace. Place the SWEEP RANGE switch in the 10-100 position, and the associated VERN control 
fully counterclockwise. 


m. Set the VERT AMPLIFIER V/CM switch to the CAL position. Adjust the VERT and HORIZ 
AMPLIFIER GAIN control until the square-wave pattern covers about two thirds of the screen. Center 
the pattern using the POSITION controls. Lock the pattern on the trace by adjustment of the SWEEP 
RANGE VERN control until a single square-wave is displayed on the screen, and remains stationary. 
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NOTE: In rotating Ше SWEEP RANGE VERN control, Ше pattern slows down as certain 

critical frequencies are approached, and then it appears to reverse direction when a critical frequency 
is passed. At these critical frequencies, a clear square-wave pattern can be discerned. These criti- 
cal sweep frequencies are sub-multiples of the signal frequency, or the signal frequency itself (when 
only one cycle is displayed). The pattern may be locked in at any sub-multiple of the signal frequency 
when it is desired to view more than one cycle of the applied signal. The sweep frequency is equal to 
the signal frequency divided by the number of complete cycles displayed on the screen. For example 

- if two complete cycles of the 60-Hz signal are displayed, the sweep frequency is 30 Hz. 


At very low sweep frequencies, flickering of the trace is normal due to the slow writing speed 
of the electron beam, and the persistence of the screen. Taken together, these may be insufficient 
to cause the beam motion to blend into a clear fixed image. 


п. Adjust the SWEEP RANGE VERN until the single square wave pattern locks on the positive-going 
leading edge, which should not be visible. Placing the SYNC SELECTOR in the "-" position should 
cause the pattern to move over until sync takes place on the negative transition. 


o. If it is desired to observe the operation of the intensity modulation facility, connect the output 
of an audio generator to the rear panel intensity jack and front panel GND. Be sure that the INTENSITY 
control is set no higher than is necessary. Set the audio generator to 600 Hz and bring up the generator 
output until the displayed single pattern breaks up into segments. Do not increase the generator's 
output above the level required to do this. Fine adjust the generator frequency carefully until the seg- 
ments become stationary. If the segments are counted, it will be found that there are 10. This indi- 
cates that the ratio between the frequency of the intensity modulation (audio generator) and the vertical 
amplifier input (in this case 60 Hz) is 600/60 or 10. "Therefore, the intensity modulation can be used 
for introducing timing markers on the trace, or for determining the frequency of an unknown signal. 


CAUTION 


When using the INTENSITY modulation, the INTENSITY control should first be set 

at minimum (counterclockwise) and then turned clockwise just enough to obtain normal 
intensity. If this is done, the possibility of applying excessive intensity modulation 
signal voltage will be minimized. 


SECTION 3 APPLICATION 


3-1, GENERAL The oscilloscope are the electronic "eyes" of the technician and enable him to see 
waveforms that are totally invisible to his normal eyes. The scope is capable of displaying high-speed 
electrical waveforms of both continuous and transient nature from a few cycles per second to many 
millions of cycles per second. 


3-2. WAVEFORM INVESTIGATION When the output of the scope's internal sweep generator is fed 
to the horizontal channel, the pattern on the CRT screen is actually a graph displaying the variation 
with time of the instantaneous amplitude of the signal applied to the vertical channel. The horizontal 
sweep time can be varied so as to present one or more full cycles on the screen. 


3-3. WAVEFORM DISPLAY Ц is generally most convenient to use a time base that varies linearly 
with time, so that equal intervals of time are represented on the screen by equal intervals of distance 
along the horizontal axis. ; 


If the frequency of the observed signal is exactly equal to the sweep frequency, one complete 
vertical channel cycle will be observed on the screen. If the frequency of the applied signal is twice 
the horizontal sweep frequency, two complete cycles will be seen on the screen, and so on. 


Fig. | is projection drawing of a simple sine wave applied to the vertical channel and a linear 
(with time) sawtooth applied to the horizontal channel. Fig. 2 is а similar drawing showing the re- 
sultant pattern when the frequency of Ше sawtooth is one-half that used in Fig. 1. .In both figures, 





points that occur simultaneously are numbered Ше same. The circle represents the CRT screen. If 
simultaneous projections were drawn from every point on each waveform, the intersections would 
trace out the sine waves shown within the circles. The sections of the sawtooth between 1 and 4 of 

Fig. 1, and between 1 and 9 of Fig. 2 are the sweep sections during which the actual CRT display is 
produced. The sawtooth sections between 4 and 5 of Fig. 1, and between 9 and 10 of Fig. 2, are the 
sections during which the electron beam is returned very rapidly to the starting point at the left of 

the screen. This return trace is prevented from appearing on the screen by a built-in blanking circuit. 
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FIGURE 1 FIGURE 2 


3-4. LISSAJOUS PATTERNS: Another type of fundamental pattern is obtained when both the vertical 
and horizontal deflection voltages are sine waves that are related in frequency when one frequency is 
a whole number of times greater than the other; or when one frequency is a simple fraction of the othe 
When one or the other of these conditions is fulfilled, stationary closed-loop patterns are obtained. 
These patterns are called Lissajous figures after a 19th century French scientist. They are parti- 
cularly useful in determining the frequency ratio between two sine wave signals. If the frequency of 
one signal is known, the frequency of the other signal can be easily determined from the frequency 
ratio. Usually the known signal is applied to the horizontal channel and the unknown signal to the 
vertical channel. The shape of the pattern changes with the phase relationship between the known and 
unknown signals. For example, all the patterns shown in Fig. 3 (and those intermediate) are possible 
with a frequency ratio of 1:1 if the phase differences indicated exist. 
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FIGURE 3 FIGURE 4 


In general, to determine frequency ratio from the Lissajous figure, count the number of points 
of tangency to horizontal and verticallines, drawn or imagined (see Fig. 4). Points of tangency at 
the top of the figures result from the unknown frequency applied to the vertical channel. Those at the 
side of the figure result from the known frequency applied to the horizontal axis. 


V axis freq _ У pts of tangency 
H axis freq H pts of tangency 


As an example, take Fig. 4c, which shows four points of tangency at the top and one point at the 
side. This indicates that the unknown frequency applied to the vertical axis is four times the known 
frequency. In Fig. 4f, one point of tangency at the top and four at the side indicate that the unknown 
frequency is one-fourth the known frequency. | 








А square-wave generator such as the EICO Model 377 can be used to rapidly check amplifiers 
for frequency response, phase shift, transient response, deficient design, or faulty components. 
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First, for a basis of comparison, the square wave output from the Audio Generator is directly 
viewed on the scope. The horizontal sweep of the scope should be adjusted so that at least two full 
cycles can be seen on the screen. (Fig. 6a shows one full cycle of a perfect square wave). The 
scope is then connected to the output of the amplifier under test so that the amplified square wave can 
be viewed on the screen. Possible output wave shapes are shown in Fig. 6b to 61, and the significance 
of each waveshape is explained below. 


EQUIPMENT 


AUDIO 
GENERATOR [+ ТО ВЕ TESTED 





Fig. 6b shows "rounding" of the leading edge of square wave. This indicates a drop off in gain 
at high frequencies. "Rounding" will generally be observable when there is a substantial drop in Ше 
gain by the tenth harmonic (or less). Therefore, if a 2KHz square wave fed to the amplifier is re- 
produced on the scope without "rounding", the amplifier is flat to 10 x 2KHz = 20KHz. 


Fig. 6c shows the effect of increased low-frequency gain and Fig. 6d shows the effect of de- 
creased low-frequency gain of the square wave frequency. Fig. 6e indicates lowered gain at a narrow 
frequency band. 


The effect of phase shift in the amplifier is shown in Figs. 6f and 6g. If, at low frequencies, 
there is phase shift in the leading direction, the square wave will be tilted as in Fig. 6f. If there is 
phase shift in the lagging direction, the top of the square wave will be tilted as in Fig. 6g. The steep- 
ness of the tilt is proportional to the amount of phase shift. Phase shift is not important in audio ampli- 
fiers, although the ear is not entirely insensitive to it. In television and scope amplifiers, however, 
phase shift should not be tolerated. 


Fig. 6h shows the pulse output from the amplifier that results when the square wave has under- 
gone differentiation. This will happen when the grid resistor, or the coupling capacitor is too low in 
value, or if the coupling capacitor is partially open. Lastly, Fig. 6i, shows a square wave with damped 
oscillations following the leading edge. This results when a square wave is fed to an amplifier in which 
distributed capacities and lead inductances resonate to produce "shock oscillations". In television and 
scope amplifiers it may result from an undamped peaking coil. 


High-fidelity audio amplifiers may be given a rapid check by testing first with a square wave of 
fundamental frequency not less than 3 to 4 times the low-frequency limit of the amplifier (3dB point), 
and then with a square wave of fundamental frequency which may be anywhere between 1/100 to 1/10 of 
the high-frequency limit of the amplifier depending upon how many harmonics are considered necessary 
to produce an acceptable version of a square waveform. Usually, square waves of fundamental frequency 
from 40 to 60 Hz and 1000 to 2000 Hz are employed to cover the range up to 20,000 Hz. 


To insure correct results, the following is suggested: Connect the proper value of load across 
the amplifier output terminals; use low-capacitance cable for connecting the generator to the amplifier 
input; set the generator output to an ample value but be sure not to overload the amplifier. The square- 
wave signal is fed to the amplifier input and the scope is connected across the amplifier load. Use the 
internal linear sweep to observe the waveform. Note that tone controls have a very marked effect on 
Square wave response and should be set to the "flat" positions unless it is desired to observe their ef- 
fect. Note, also, that low-fidelity and p.a. amplifiers will not reproduce the square waveform. 


Video amplifiers may be square wave tested in the same manner as described for testing audio 
amplifiers. The test frequencies might be 60 Hz for the low end, and 25,000 Hz for the high end. 


3-5. SERVICING ТУ RECEIVERS: One major use of Ше scope in TV servicing is alignment in con- 
junction with a TV/FM Sweep Generator. First, the IF stages are aligned, and then the RF and local 
oscillator stages, following the general method and theory of alignment described in the sweep genera- 
tor instruction manuals. The specific methods of alignment depend on the receiver, and the manu- 
facturer's service instruction should always be followed. 


Another major use of the scope is to check the waveform of the complex TV signal as it passes 
through the receiver. The exceptional fidelity of the Model 465 scope is very important in this appli- 
cation, Since you must be able to observe small variations in wavefor to localize and correct the cause 
of poor picture quality. Here again, the set manufacturer provides representative waveforms to be ex- 
pected at specific points in a specific model of receiver. These waveform pictures are furnished for 
the entire receiver, with the exception of the tuner portion. EICO manufactures a complete line of high 
quality oscilloscope probes meeting all the requirement for waveform observation in any part of a TV 
receiver. 


Keep in mind that two basic frequencies are involved in checking waveform of signals in TV 
receivers. The first is the vertical or field frequency of 60 Hz. Any waveform check, except for 
the horizontal oscillator, its' differentiator network, the horizontal output stage can generally be 
made using a scope sweep of 30 Hz (to show two complete fields of the signal). To examine the 
horizontal pulse shape, or the operation of the horizontal deflection system, 7875 Hz is required to 
show two cycles. The SWEEP RANGE VERT TV and HORIZ TV have been incorporated to provide 
rapid changeover from one basic TV sweep frequency to the other without the need for control read- 
justment. 


SECTION 4 MAINTENANCE 


4-1. GENERAL d. Frequency compensation 
Included in this section are the following: Vertical channel 

a. Cabinet removal Horizontal channel 

b. Vertical amplifier adjustments е. Calibration voltage adjustment 
DC balance Vertical channel 
vertical input bias Horizontal channel 
vertical output bias | f. HORIZ TV (SWEEP RANGE switch) adjustment 

с. Horizontal amplifier adjustments g. Troubleshooting chart 
DC balance h. Schematic diagram 
horizontal input bias È i. Voltage and resistance charts 


4-2. ACCESS TO CHASSIS 


To gain access to the chassis, disconnect the scope from the power line. Then remove the four 
screws that secure each side panel in place. Once the screws are removed, both side panels are 
removed and the chassis will be accessible. 


WARNING 
The voltages in this instrument are dangerous. Take caution to avoid personal contact 


with these voltages when the chassis is"exposed. Remember that capacitors may remain 
charged to dangerously high voltages for a considerable time after power has been removed. 
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4-3. VERTICAL AMPLIFIER ADJUSTMENTS 


Insert the AC power plug into a 117-volt, 60Hz outlet and rotate the SCALE ILLUM switch clock- 
wise until the switch clicks indicating that power has been applied. The power on indicator, and the 
two scale illuminators will be lit. While the scope is warming up, set the front panel controls as 
follows: INTENSITY, FOCUS, ASTIG, VERT POSITION, HORIZ POSITION, SWEEP RANGE VERN, 
VERT GAIN, and HORIZ GAIN to approximately middle of rotation. Set SWEEP RANGE to 10-100, 
SYNC SELECTOR AT "+", and both V/CM switches at .05. Adjust the CRT controls and the position- 
ing controls for a sharp trace centered on the screen. Set both AC-DC switches to DC. 


a. Connect a shorting link between the VERT AMPLIFIER INPUT and GND binding posts. 


b. Being very careful, connect a VT VM between ground (chassis) and pin 6 of either VI or 
V2 (positive lead of VTVM). See Fig. 7. Adjust vertical bias input potentiometer R36 (Fig. 8) for 
a reading of 2. 6 volts. 


c. Move the positive lead of the VTVM to pin | of either V3 or V4. Then adjust vertical bias 
output potentiometer R24 for a reading of 111 volts. 


d. Repeat steps "b" and "с" until the specified voltages are obtained. 


e. Set the VERT AMPLIFIER GAIN control fully counterclockwise (minimum gain). Adjust 
the VERT AMPLIFIER POSITION control until the trace sits exactly on the main horizontal center 
line of the calibration grid. Now rotate the GAIN control fully clockwise (maximum gain), and ad- 
just the front-panel DC BAL control (R13) using a small screwdriver through the hole, to return the 
trace exactly to the center line. Repeat until no vertical shift can be detected when the VERT AMPLI- 
FIER GAIN control is rotated from minimum to maximum gain. It is advisable to repeat this procedure 
after the scope has warmed up for at least half an hour. 


4-4. HORIZONTAL AMPLIFIER ADJUSTMENTS 
a. Connect the shorting link between the HORIZ AMPLIFIER INPUT and GND binding posts. 


b. Very carefully, connect the VTVM between ground (chassis) and pin 7 (Fig. 7) of either V7 or 
УЗ (positive lead of VTVM). Adjust horizontal input bias potentiometer R81 (see Fig. 8) for a reading 
of 2.5 volts. | 


c. Set the SYNC SELECTOR switch at EXT HORIZ. A dot should appear on the screen. 


d. Adjust the HORIZ AMPLIFIER GAIN control fully counterclockwise (minimum gain). Adjust 
the HORIZ AMPLIFIER POSITION control to place the dot exactly on the main vertical reference line 
on the calibration grid. Now rotate the GAIN control fully clockwise (maximum gain), and adjust the 
front panel DC BAL control (R66), using a small screwdriver through the hole, to return the dot ex- 
actly to the center line. Repeat until no horizontal shift can be detected when the HORIZ AMPLIFIER 
GAIN control is rotated from minimum to maximum gain. It is advisable to repeat this procedure 
after the scope has warmed up for at least half an hour. 


4-5. FREQUENCY COMPENSATION 


a. Vertical channel stray capacitance shunting.the resistive components in each attenuator net- 
work could result in frequency discrimination, were not each attenuator frequency compensated by 
a trimmer capacitor at each switch position. The trimmers for the vertical channel are shown in 
Fig. 8. The trimmers are: .5- C6,5- C4, 50- C2. The .05 range has no trimmer. 
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FIGURE 8 
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b. То adjustthese trimmers, connect a jumper between Ше rotor of HORIZ AMPLIFIER GAIN 
control (R64) and the VERT AMPLIFIER INPUT binding post. Set the SWEEP RANGE to 10K-100K 
position and the VERN at minimum. Set. Ше SYNC SELECTOR AT "+", and both AC-DC switches at 
AC. 


с. Set the VERT AMPLIFIER V/CM at .5 and GAIN at maximum. Adjust the HORIZ AMPLIFIER 
У/СМ and GAIN for a trace about 2/3 the screen width. Use the panel controls to center and focus 


the trace. If C6 is not adjusted properly, the trace will appear as in Fig. 9a or 9b. If this is the 
case, adjust trimmer C6, using an insulated screwdriver, until the trace is a straight line as shown 


in Fig. 9c. 
г A (7 FIGURE 9 
А B C 


d. Setthe VERT AMPLIFIER V/CM switch to the 5 position. Remove the end of the jumper from 
R64 and connect it to pin 1 of V9 (fig. 7). Rotate the GAIN control for minimum gain. If the trace has 
a "hook", adjust C4 (Fig. 8) for a straight line. 


e. Now set the VERT AMPLIFIER V/CM switch to the 50 position and adjust the GAIN control for 
almost maximum. Adjust C2 (Fig. 8) to make a straight trace. Remove the jumper. 


f. Horizontal Channel-Connect a 10-megohm resistor between pin 2 of V6 (Fig. 7) and the end of 
R43 (68K, l-watt) that is not connected to pin 1 of V6. 


g. Connect a jumper from the junction of R51 and R52 (connected in the cathode circuit of V5B), 
and shown in Fig. 7 to the HORIZ AMPLIFIER INPUT jack J2. Set both AC-DC switch at АС. 


h. Connect a jumper from the HORIZ AMPLIFIER INPUT jack (72) to the VERT AMPLIFIER input 
jack (71). Place the SYNC SELECTOR switch in the "+" position. Place the VERT AMPLIFIER V/CM 
switch in the 5 position. Set the GAIN at maximum. 


i. Place the SóWEEP RANGE switch in the 10К-100К position. Center the trace on the screen. 


і. With HORIZ AMPLIFIER V/CM at .5, and GAIN at maximum, adjust C26 (see Fig. 7) until 
the "hook" disappears, and the trace is a straight line. 


k. Place the HORIZ AMPLIFIER V/CM switch in the 5 position and adjust C24 until the trace is 
straight. 


l. Place the V/CM switch in the 50 position, and adjust C22 until the trace is straight. 


m. Disconnect the 10- megohm resistor and all jumpers. 


4-6. CALIBRATION VOLTAGE ADJUSTMENT 
VERTICAL CHANNEL 
a. The calibration voltage is adjusted by means of R96 (see Fig. 8 for location). Before doing 


this, make sure that you have performed the DC balance tests discussed in 4-3 and 4-4 for both 
channels. 


b. Расе the VERT AMPLIFIER V/CM switch іп the . 5 position, and the associated AC-DC switch 
to DC. 














с. Connect a jumper between Ше VERT AMPLIFIER INPUT and GND binding posts. Use Ше 
POSITION control to set the trace on the horizontal center line of the calibration grid. 


d. Adjust the HORIZ AMPLIFIER V/CM switch to 50 and GAIN control to minimum to reduce the 
trace to a single spot. , 


e. Remove Ше jumper and connect a 1. 5-volt dry cell between the VERT AMPLIFIER INPUT and 
GND binding posts. Then adjust the GAIN control until the deflected spot is 3 cm (3 major divisions 
on the calibration grid) away from the horizontal center line. Remove the battery, but do not touch 
the GAIN control. 


f. Reset the VERT AMPLIFIER V/CM switch to the CAL position without touching the GAIN con- 
trol. The spot will stretch into a vertical line. 


г. Adjust R96 (Fig. 8) until the vertical line is 4 cm (4 major divisions) high. This completes Ше 
calibration voltage adjustment for а basic sensitivity of 50 mV/cm. Although the method calibration 
given here is convenient, it does not yield the maximum possible accuracy because the voltage divider 
is at the . 5 position, which might introduce a possible 5% error (because of the resistors in the at- 
tenuator network). A more accurate calibration technique is to use an accurate source of 200 mV to 
do this calibration. А suggested source for obtaining the required 200 mV is shown in Fig. 10. 
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DRY CELL 
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FIGURE 10 


HORIZONTAL CHANNEL 


a. Set the HORIZ AMPLIFIER switch at . 5 and the associated AC-DC switch at DC. Again make 
sure that the DC balance tests have been made. 


b. Set the SYNC SELECTOR switch to EXT HORIZ. 

c. Setthe VERT AMPLIFIER V/CM switch to 50, and the GAIN to minimum. 

d. Center the spot using the vertical and horizontal POSITION CONTROLS. 

e. Connect a 1. 5-volt battery between the HORIZ AMPLIFIER INPUT and GND binding posts. 


f. Adjust the HORIZ AMPLIFIER GAIN control until the spot has deflected 3 cm (3 major divisions), 
from the center line. 


g. Without touching the GAIN control, place the V/CM switch in the CAL position. 


в. Adjust R101 (Fig. 8) until the peak-to-peak deflection of the trace is 10 cm (10 major divisions). 
This completes the horizontal channel calibration for a basic sensitivity of 50 mV/cm. 
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4-1. HORIZONTAL ТУ SWEEP TRIMMER ADJUSTMENT 


a. Place the SYNC SLECTOR AT EITHER the "+" or "-" position; the HORIZ AMPLIFIER V/CM 
switch at either the .05 or .5 positions and adjust the GAIN control for a 3/4 screen length trace. 
Use the POSITION controls to center the trace. 


b. Place the SWEEP RANGE switch in the VERT TV position. Then place the VERT AMPLIFIER 
V/CM switch in the CAL position. A square wave will appear on the screen. Adjust the GAIN for a 
1/2 to 3/4 screen height. You may have to adjust the POSITION controls to center the trace. 


c. Adjust the SWEEP RANGE VERN control until a stationary pattern of two complete cycles appears 
on the screen. This sets the sweep at exactly 30 Hz (TV vertical frequency). DO NOT touch the 
SWEEP RANGE VERN control from now on. 


d. Place the SWEEP RANGE switch in the HORIZ TV position. There will be a blur on the screen. 


e. Apply a 15,750 Hz (TV horiz frequency) taken from the horizontal section of an operating TV set 
between the VERT AMPLIFIER INPUT апа GND binding posts. (It is possible to get this waveform 
without any danger by using a long insulated test lead with one end connected to the VERT AMPLIFIER 
INPUT binding post and the other end near the TV set yoke. Be careful not to contact any high voltage 
when doing this. ) 


f. Adjust the VERT AMPLIFIER V/CM and GAIN controls to obtain a 1/2 to 3/4 screen height series 
of pulses. Without touching the SWEEP RANGE VERN control, adjust С12 (Fig. 7) until a stationary 
pattern of two complete cycles are displayed. This indicates an exact 7875 Hz sweep. 


с. This completes the adjustment, with the result that whenever the SWEEP RANGE switch is set to 
VERT ТУ and the VERN is adjusted for a 30 Hz sweep (indicated by 2 cycles of a 60-Hz signal applied 
to the vertical input), resetting the SWEEP RANGE to HORIZ TV without touching the VERN control 
automatically produces a 7875 Hz sweep. 


4-8. TROUBLE SHOOTING 

a. The block diagram (Fig. 11) should aid in isolating the circuit in which the trouble is located. 
Once this is done, refer to the appropriate section of the schematic. The next step is to localize the 
problem to a particular tube circuit, and if required, replace the tube. If the trouble is not eliminated, 
use the voltage and resistance tables provided. 


4-9. FUSE REPLACEMENT 


а. А 2.5 ampere fuse is located in the fuseholder on the rear chassis apron. If the fuse blows re- 
peatedly, troubleshoot the scope. 
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4-11. TROUBLE-SHOOTING CHART 


» 


БУМРТОМ 


POSSIBLE CAUSE 




























Pilot lamp fails to POWER SUPPLY 
light. 
INTENSITY switch in OFF position. 


No AC line voltage 
Pilot lamp open 
Fuse defective 
Broken lead/or leads in the filament 
Fuse F1, blows path. 
when AC power is 
turned on. Shorted AC line cable on the primary 
side of the power transformer. 
Defective rectifier diodes 
CR3, ог CR4. 


Defective filter capacitors 


Short in filament connections 
Some or all fila- 
ments fail to light. 





Defective tube or tubes. 

Broken leads from power trans- 
former. 

Power transformer defective 


CRT CIRCUIT 
No spot on CRT asado X = 


screen. High voltage rectifier diode CR5 


defective. 





No voltage on second anode. 


NOTE: Spot may be deflected off 
Screen. Adjust VERT. POS. 
control for equal voltages from CRT 
pins 6 &.7 to ground (Vertical de- 
flection plates), and HORIZ. POS. 
control for equal voltages from CRT 
pins 9 & 10 to ground (horizontal 
deflection plates). The spot should 
then be centered. If either adjust- 
ment is impossible, refer to the 
vertical or horizontal amplifier 
sections. 
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REMEDY 


Turn INTENSITY switch clock- 
wise. 

Trace line failure 

Replace Il 

Replace F1 

Repair defective connections 


Repair the short 


Check CR3,CR4. Replace 
if bad. Check C26,C27 

for low resistance or short. 
Replace if necessary. 
Check filament connections 
for shorts. Repair if 
necessary. 

Replace tube or tubes* 
Check with an ohmmeter for 
continuity. Repair if necessary. 
Replace 


Replace 


Repair 
Check circuit. Repair if 
necessary. 


БУМРТОМ 


No spot on CRT 
Screen. (All CRT 
voltages correct). 


Retrace blanking 
inoperative. 


Intensity modula- 
tion of trace with 
internal sync. 


No focusing. 


No horizontal 
positioning. 


No vertical 
positioning. 


Astigmatism 
control inopera- 
tive. 


No sweeps 
(horizontal ampli- 
fier checks o. k. ) 


Sweep inoperative 
on some ranges. 


Incorrect Sweep 
frequency obtained 
at TV-HOR. posi- 
tion. 

Loss of synchro- 
nization. 


POSSIBLE CAUSE 


Defective CRT (V10) 


СВІ 
Open lead in path from sweep 


generator to cathode of CRT(V10). 


R44, R45 defective. 


FOCUS control R84 defective. 
Astigmatism control R82 defective. 
Refer to horizontal amplifier. 


Refer to vertical amplifier. 


R82 defective. 


SWEEP CIRCUIT 


SWEEP RANGE switch is not set to 
sweep positions. 


| Lead or leads broken. 
SWEEP RANGE switch S3 defective. 


HORIZ. SELECTOR switch 52 
defective. 

SWEEP VERNIER R47 defective. 

One of R38-43 defective. 

V5 defective 


One of C12-17 defective. 


SWEEP RANGE switch S3 defective. 


C12 out of adjustment. 


V5 defective. | 

HORIZ. SELECTOR switch 82 
defective. 

C10 defective 

Sync leads defective. 
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REMEDY 


Replace 


Replace 
Check if necessary 


Check. Replace if necessary. 


Replace 
Replace 


Replace 


Set SWEEP RANGE switch to one 
of sweep positions. 

Check and repair if necessary. 
Check. Replace if necessary. 
Check. Replace if necessary. 


Check. Replace if necessary. 
Replace defective resistor. 
Replace 


Replace defective capacitor. 
Check. Replace if necessary. 


Adjust C12. See MAINTEN- 
ANCE, 


Replace 
Replace 


Replace 
Repair 


SYMPTOM 


With appropriate 
signal applied 
across VERT 
and G binding 
posts, no verti- 
cal displacement 


of the trace results. 


Signal distorted; 


unable to obtain DC 


balance. 


No vertical posi- 
tioning. 


VERT. GAIN 
control affects 
position of trace. 


No vertical signal 
in AC position of 
AC-DC switch. 


Square wave (lke) 
distorted on .5, 
9, 50 positions of 
VERT. ATTEN. 
Switch. 


VERT. GAIN 
control inopera- 
tive. 


Trace "jumps" on 
CRT screen in 
vertical direction. 


No trace when 
VERT. ATTEN. 
switch set at CAL. 


Calibration in- 
accurate. 


VERTICAL AMPLIFIER 


4 POSSIBLE CAUSE 


VERT. ATTEN. switch 51 defective. 


One or more of tubes V1-4 defec- 
tive. 

One or more components in the 
vertical amplifier defective. 


Peaking coil or coils open. 

R13 defective. 

V1-4 defective. | 
Check adjustments of R36 and R24, 


VERT. POS. control R16 defective. 


DC balance control R13 out of 
adjustment, 


C1 open. 


C2, C4, C6 out of adjustment. 


VERT. GAIN control R12 defective. 
(Note: Inability to reduce trace 
size to zero is not a defect, but 
inherent in DC amplifier design). 


Loose connection in vertical ampli- 
fier section. 


One of tubes V1-4 is microphonic. 


R94, 95, 96 defective. 
CR2 shorted. 


R96 out of adjustment. 
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REMEDY 


Replace 
Check. Replace if necessary. * 


Check resistors and potentio- 


meters with ohmmeter. Replace 
if defective. * 


Replace 

Replace* 

Replace* 

See MAINTENANCE 


Replace 


See MAINTENANCE 


Replace 


See MAINTENANCE 


Replace 


Repair 


Tap tubes lightly. Replace one 
which is microphonic. * 
Replace* 

Replace* 


See MAINTENANCE 


HORIZONTAL AMPLIFIER 


SYMPTOM 3 POSSIBLE CAUSE REMEDY 


C19 open. 













No horizontal Replace 
deflection at V5, 6 defective. Replace 
either HOR 60 C27 shorted. Replace 
cps or SYNC posi- C21 open. È Replace 
tions of HORIZ. HORIZ. GAIN R53 defective. Replace 
SELECTOR (sweep | HORIZ. SELECTOR $2 defective. Replace 


circuit checks o. k. ) 






No horizontal R86, 69 defective. Check and replace if necessary. 






positioning. HORIZ. POS. control R59 defective. Replace 
C22 shorted. Replace 

Horizontal C27 open. Replace 

deflection present C22 open. Replace. 

but distorted. V6 defective. Replace 
R77, 78 defective. 


Replace 


*Indicates replacement of component in this group makes it necessary to repeat some part of 
the adjustment procedure given in MAINTENANCE. 
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ТУРЕ 

VI uov 
6AU8 

v2 пом 
6AU8 

V3 110V 
12BY7 

v4 110V 
12BY7 

V5 270V 
6BL8 | 
v6 130V | 
12AZ7 

VI 215V 
6BL8 

V8 215V 
6BL8 

v9 225V 
12AU7 

V10 -1500 V 
5DEPI 


Unless otherwise indicated, all voltages are DC positive and measured to chassis. 


nov 


-1500V 


290V 


290V 


120V 


120V 


90V 


80V 


210 V 


210V 


125V 


-1500V 
to 
-1300V 


Line voltage: ПТ Volts 60 Hz. 


АП measurements made with VTVM of approximately Й megs. input impedance. 


АП voltages may vary by 4154. 





VOLTAGE CHART 


3.9V 
AC 


3.9V 
AC 


3.5V 
AC 


3.5V 
AC 


3.5У 
АС 


3.5V 
AC 


3.5У 
АС 


3.5V 
AC 


3.5У 
АС 


-760V 
to 


-1200 V 


PIN NO. 


3. 5V 
AC 


9.5У 
АС 


3.9V 
AC 


3.5V 
AC 


3,9V 
AC 


3.9V 
AC 


3.5V 
AC 


3.5У 
АС 


3.5V 
AC 


2. ТУ 


З.БУ 
АС 


3.5V | 


AC 


62V 
230V 
Поу 
lov 
300V 


280V 
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2.8V 


2.8V 


120V 


300V 


120V 


120V 


250У 


250У 


14V 


80V 


120V 


120V 


120V 


HOV 


llOV 


HOV 


ПОУ 


310V 


240V 


-1500V 


RESISTANCE CHART 


PIN NO. 
a 
м к | 150K | 150K 2.5K 150K | 150K t 
6AUS8 to 

5K 
v2 4TK | Бок | 150K | Е к | 2.5K | 100 50K | Бок | — ES o 
6AU8 to 

5K 
УЗ 2.5K | 47K | 2.5K | Е F F | 200K | 150K | 2.5K n = = 
12BY7 
v4 2.5K | атк | 2.5K | Е Е к | 200K | Бок | 2.5K = a E. 
12BY7 
V5 150к |500K | 400K | Е в | 4.7K o | 300 2.3м | — 54 xs 
6BL8 
V6 док | 15M | 4.7%K | F F 150K | зок | 4.7K Е cui = = 
12AZ7 
v7 150K | 600 150K | Е F 150K | 2.5K | 47K | 150K we =. ру 
681,8 
v8 150K | 100 ок | F Е 150K | 2.5K | 47K | 150K б. = m 
681,8 
v9 ок | 55к | БЕ Ж Е 150K | 55K | 15K F - Lo AG 
12AU7 
V10 | 6.2M TM вм | 3.9M | — | 120K | 120K | 120K | 150K | 150K UN 6.2M 
5DEPI 


All controls are set counter-clockwise for resistance measurement. 

АП 150К resistance measurement will have large delay until final reading can be obtained. 
Measurements on У10 Pins will bave large delay until final reading can be obtained. 

(F) Filament Pins 

All resistance values may normally vary by +15%. 


All resistance and voltage measurements are taken with respect to ground. 
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FICO 465 SCHEMATIC DIAGRAM 








PARTS LI | 











PRICE STOCK SYM. PRICE STOCK SYM. 
EACH МО, NO, DESCRIPTION QTY. EACH МО, NO. DESCRIPTION QTY. 
RESISTORS (In ohms, 1/2W, 10% unless otherwise CAPACITORS 
specified) - 
.08 { 10423 R62, 63 2.2K А 2 .56 | 20015 СІ, 19 mylar, .25mfd, E 
„08 | 10429 R102 410 1 600У, 20% 
.08 | 10430 R39 4.7K 1 ‚44 | 20085 С20 mylar, .22mfd, 1 
.08 | 10431 R37 470K 1 200V, 10% 
.08 | 10432 R51 ІК 1 „22 | 20087 СЗ,16, mylar, „Олид, 3 
„08 | 10442 R52 1.5K 1 23 400V, 10% 
.08 | 10452 R97 8.2K 1 „35 |20089 10,17 disc,, .lmtd, 2 
‚08 | 10455 R45 1.5M 1 400V, 10% 
al} 10456 R100 820, IW 1 1.12 20090 С28,29 mylar, .lmfd, 2 
.09 | 10559 R2,55 car., comp.,1K,5% 2 1600V, 10% 
.09 | 10560 R4,57 в М IOK " 2 ‚їЧ | 20096 C18 mylar, .047mfd, T 
.09 | 10561 R6, 59 "  " 10" 2 1600V, 10% 
„18 10838 R83 3. 3M, IW 1 „25 | 21001 СІЗ mica, 270pf, 1 
.18 | 10846 R85,94 150K " 2 | 500V, 20% 
.18 | 10848 R43 68K " 1 „09 | 22509 СТ,П, disc., 100pf, 3 
.18 | 10849 R20,21, 47K " 4 27 500У, 10% 
72,73 .11 | 22521 C5,25, disc., . 00lmfd, 3 
„18 | 10851 R77,78 22K " 2 32 400V, 10% 
„17 10852 R53, 76 isk " 2 „13 22556 С14 disc., 68pf, 1 
ott 10855 R40 4, "ко" 1 500V, 10% 
„18 10861 R79 470 Б 1 „26 | 22583 C30 disc., . Olmfd, 1 
‚29 | 10952 R25,26, 4.7K, 2W 4 2000V, 10% 
32, 33 „12 22594 Са, 9 disc., БРЕ, 2 
.29 | 10956 R29 око" 1 500V, 10% 
.31 | 10960 R68, 69 6.8K " 2 „50 | 23011 C21, 31 elec., 50mfd, 2 
„32 |10967 R15, 17 2. К. "" 2 50V, 10% 
„14 1505 R8,9,18, 100, 5% П 3.15 24020 CYC A elec., 20-20/400V, 2 
19, 61, 65, 40-40/350V 
70, 71, 50, 3.35 | 24025 cx elec., 40-40/450V, 1 
74,15 300/50V 
14 | 11518 R44,49,89 2.2M, 5% 3 .53 | 29519 C2,4,6, trimmer, 7-60pf 7 
214 1538 R38 зак. “ 1 12,22,24, 
„14 | 1542 R10, п l.6GK " 2 26 
.13 | 11548 RI, 1,54, IM " 4 
60 
„14 1550 R87 330K " 1 
„14 | 11553 R88,90, 220K " 4 
34, 35 
.14 |11559 R27,31,95 12K " 3 JE ы чыга 
й > n ee y Е : 23.12 30091 Tl transformer 1 
Кт 11567 R48 оток" | „60 | 36010 га 2,3, coil, 100mH 4 
„1 1575 Һ101 9.5K " 1 
„ЇЇ 1576 R5,58 900K " 2 
„17 1577 ЕЗ, 56 990K " 2 
үз; а Ашы a НИН, à JACKS, BINDING POSTS & KNOBS 
ABS | Жай ща М ne 1 .16 | 50029 25 jack, pin, black 1 
С m „34 | 52006 11,9 binding post, #8 2 
ав ДЫ RES Буе 1 .34 | 52008 134 binding post, #8, 2 
3 ground 
е uus со и кайы i .66 | 53036 knob, ж dia. 3 
0 4 „49 | 53037 knob, 3/4 dia. 4 
чат di 57 1,92, 10% ` ,900 , 5W, я 56 | 53040 knob concentric, outer 3 
О К a 
.35 114508 R22 w.w.,2.7K " 1 .30 | 53107 knob concentric, inner 3 
10% 
.37 [14513 R80 WW., BK “ 1 
10% 
TERMINAL STRIPS 
POTENTIOMETERS 
‚10 |54000 твт 1 post left 1 
„82 | 16000 R36, 81 2K, linear 2 .10 [54003 твіт 2 розі 1 
„91 |16001 R16 ІК -" 1 206 |54004 ТҺВ4,6,8, 2 post, w/gnd. 5 
‚82 | 16011 R82, 84 ам " 2 10,15 
3.00 | 18009 R67 5K  " 1 .10 {54006 TBI4,16 3 post, 2 right 2 
1.13 |18180 R13, 66 10K " 2 .10 |54007  ТВЗ,П  3post, 2 right, 2 
1.13 | 18181 R86 500K, сс» 1 w/gnd. 
.48 | 19003 R96,103 5000 2 .08 [54018 TBI,2,5, 4 post, w/gnd. 9 
3.22 | 19007 R98 w.w., 75Q, 1 9, 13 
w/switch .10 | 54086 ТВІ2 3 post, 2 right, 1 
2.83 | 19026 R24 5000, 2W 1 w/end. (CSA) 


ee ннн: Жанина eer 
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PRICE STOCK SYM. 
EACH NO. NO. DESCRIPTION QTY. EACH NO. NO. DESCRIPTION QTY. 
SWITCHES MISCELLANEOUS (continued) 
11.40 | 60152 S3 rotary, w/2K Pot. 1 2.28 | 57002 linecord, 3 cond. 1 
5.16 60196 52 i 1 .13 59009 graph screen 1 
1.10 60198 51, 6 і w/10M Pot. 2 . 84 59010 filter 1 
+ ЭТ 62040 54,1 slide, SPST 2 „21 | 59303 felt, CRT bezel 1 
.23 | 59317 strip, sponge, rubber | 
.09 | 59508 mounting plate, in- 1 
sulated 4 prong 
1.50 | 66194 manual, operating 1 
3.00 | 66446 nianual, assembly 1 
TUBES 
4.40 | 90027 V1, 2 6AU8 (GE) 2 
2.35 | 90033 v9 12AU7 1 
3.05 | 90064 V3,4 12BY7 2 
3.75 | 90071 V5, 7, 8 6BL8 3 HARDWARE 
2.85 | 90098 V6 12А 27 1 
44.24 | 90122 V10 CRT., 5DEPI 1 .01 | 40000 Nut, Hex, #6-32x1/4 20 
.02 | 40001 е " 3/8-32x1/2 19 
.01 | 40007 ? " #4-40x1/4 18 
.07 | 40016 i " 1/2-24(for 1 
fuseholder) 
.01 | 40045 Nut, Hex, /8-32x5/16 4 
FUSES, BULBS & DIODES „56 | 40063 "  Knurled, 3/8-32 4 
‚01 | 41002 Screw, #6х3/8 22 
.14 | 9101 Fl fuse, 2-1/2 amp. 1 р К. d B. H., Туре А 
воно „01 | 41086 screw, #6-32x5/16, 24 
1.33 92019 11, 2, 3 bulb, scale illumin- 3 B.H. 
siio .01 | 41090 screw, #4-40x5/16, 18 
1.40 | 93017 CRI diode, power 200ma, 1 B.H 
380 PIV i 
.01 | 41091 screw, #4-40х1/4 4 
3.04 | 93018 CR2 diode, Zener, IN713 1 F.H. : /4, 
3.60 | 93024 CR3,4 diode, silicon, 2 го | 41140 screw, #6-32x1/4, 20 
1200 РУ Self Tap, Rd. Hd,, 
2.24 93039 CR5 diode, selenium, H. V. 1 Phillips 
.02 | 42000 washer, lock, 3/8 22 
.01 | 42001 е flat, 3/8 15 
.01 | 42002 Ме lock, #6 24 
.01 | 42007 d " #4 18 
OCKETS & FUSEHOLDERS „01 | 42008 и " № 4 
жыды ШЫ то ада „03 | 42029 " rubber, 1/2 1 
.42 97026 XVIO socket, 12 PIN CRT 1 ‚ 02 42511 Retainer ring 2 
.23 | 97081 XV1,2,3, socket, 9 pin min. 9 .02 | 43000 Lug, ground, #6 1 
4,5,6,7, bot. mt. .02 | 43001 " pot, ground, 2 
^» 3/8 
5.88 97311 Mu metal shield 1 ‚01 43004 Lug, ground #8 9 
1.02 | 97800 XFI fuseholder 1 „08 | 46003 Grommet, rubber, 1 
1/2 
.04 | 46012 Grommet, rubber, 1 
3/8 
.09 | 46016 foot, plastic 4 
SHEET METAL & MISCELLANEOUS ‚03 46024 Grommet, rubber, 





4.63 | 80213 front panel 1 
2.40 | 81521 Bezel 1 
2.35 | 81528 Chassis e 
2.75 | 81529 Top bracket 1 Prices and specifications subject to change without 
1.00 | 81530 side bracket, right 1 notice. To order replacement parts, remit with 
1.00 | 81531 side bracket, left 1 order; specify part number and descriptions, Add 
8.00 | 81532 front sub panel 1 $1. 00 for mailing and handling; if a power trans- 
2.60 | 81533 chassis, main 1 former is included in the order, add instead $1,50 
2.20 | 81534 bottom bracket 1 Гог mailing and handling. 
4.15 81535 side plate 2 
3.50 | 81536 cover, top 1 
3.50 | 81537 cover, bottom 1 
1.30 | 81538 back panel 1 

.50 | 81547 CRT bracket 2 

.40 | 81995 bracket linecord 2 

.54 | 82115 strain relief 1 

„61 | 85020 bushing bezel 4 
1.92 | 86007 frame, front 2 
1.65 | 87017 handle 1 

.03 | 89823 plastic lens cap 1 

.03 | 89830 handle end cap 2 
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MODEL "455 ADDENDUM 7^ "520. 


т, „ % M LACE pd 
È 4 А 2 È 


ж“ 


жү Дт ұбт ЖРА riage ЧЁ | 
Please make the fol елата ng “changes in ‘your operating Manual; 
Pàge 4, ус сыта p: deu 50 ohm to 60 ‘He’ - (two places). 
Page 20, Voltage Chart: On V5-2 change 65V to-6Vi.. мета 
«8898 21, зеніарацоє Charts: On ro ere 300 ohm to 2500 ohm. 
: Е ее, А е ЧЕ ылы IE жа, т Aug б, Я қ cali d Т 6 At Ес DE 


4 %7, LI 
тезі А «а 


Schematic Diagram: chance R15 & R17 to гума 2W, 5% 


+ 
"4 же 


| Reverse: the polarity. of, capacitor ск ЖА (300, : 50v) (тте Ц e 


2 (change + Жо'= and - to +) 


Remove R53 (15K, 2W} AND the entire lead between V5B-1l and the 
connection of R79-R99., Add R53 (15K,2W) between У5В-1 and the 


ж. 


пече рдабва. side of R48 - . маце РЬ ENES 


"+ 


расе ii, Section 4-3 Vertical Amplifier Adjus stments 


= Remove. ваврохачтаров. А,В,С, пъ гара Е апа гартаве with the ані бода 


re ғ 2. A PR e: rs 
à - & da 


а, Short VERT ава G Binding posts. Set VERT ATTENUATOR SWITCH at 
обусм. All other controls remain as set previ iously. 
b. Connect a VTVM from pin 6 of either tube V1 or ‘v2. (fig.7) to 
E ground. - Adjust vertical input Dias рае 836 for | 
a de bias. кекілді. СЕ. 2.5 volts. - T " 
c. _Unsolder and temporarily disconnect 5к ohm; 10W Resistor R23 
| from pin 3 of the tube XV3 (Fig. 7), Connect а VOM, set to a DC 
ihe current range suitable for measuring. SOmA, between рїп 3 of 
XV3 and the unsoldered end cf resistor R23. Adjust VERTICAL 
OUTPUT BIAS potentiometer R24 for а DC current reading of 50mA 
d. Repeat steps b. айа с. until the specified bias voltage in ster 
b. and the specified current in step c. are both obtained. 
After this is done ,.disconnect the VOM and re-=golder Bes to 
pia 3 of ХУД. i 
е. Set the VERT. GAIN control fuilp counter-clockwise (minimum 
gain). -Adjust the VERT POS. control for a trace exactly on 
‘the horizontal ‘center lino об the calibration grid. ‘Now turn 
. the VERT. GAIN control fully clockwise (maximum gain), and 
| adjust the DC balance R13 until tbe trace is returned exactly 
" to the horizontal center line. Repeat until no vertical shift 
can be detected when the VERT GAIN control is turned from min- 
imum to maximum. It is advisable to repeat this procedure 
finally, after the scope has warmed up for at least a half hou 
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.PARTS LIST: CHANGE R15, 17 to Stock No. 10606 2.4K, 2W, 5% 
CHANGE CR5 to Stock No. 93062 diode 3KV, 50 MA. 
ADD 89483 label, .fuse. rating 
| | CHANGE description of S1, 6 to rotary, W/2K OH: 
Lo.51 - CHANGE description of 53 to rotary uas Pot.. | 


If you have а KIT, please make the ae changes . in your 


Assembly Manual: _ Te Episc кави под беа ны tic М ae eee 
Сене GREE ot ae. Об M. е ьа, аы ine 000 

раде 20, На a, Step 28: Change color code Ко ‘ed: red, green, 
А Ха № our xv Жы: gold) | А 


раде 22, Fig.5, Step 58: Change stock до, to (10606) and | 
description, to 2.4K, 2W, 5% (red, yellow, 
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Page 22, Pig. 5; “step 59; PUN EY no, за (10606) Ый | 
description to 2.4K, 29, 5% (red, yellow, 
= IER. ew 


= 


пі" 


« 
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“Page 22, Fig. 7 (аав) ‘Stan 8: Сана” = (93039) НУ SELENIUM DIODE" 


зчу pro Marta cab Gian to. "(93062) SILICON. DIODE" 


к e + a weet 
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Page 36, Figures 10-11: Апр STEP 23: 


23. г”) PEEL the backing from the (89483) FUSE RATINÓ LABEL and 
apply it to the BACK PANEL above the fuseholder. | 


~ 
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+ Assembly Figure 1c; Plesio ‘switch ти 12 to J ме places) 
д, , ‘ Change "RI (R56)" to "Rl (R54)" resistor 
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Ре аео Switch terminals үнү апа в». 
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‘CHANGE. PARTS LIST Li, сипеи, MATE AS FOLLOWS : 2 
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x Si. 6 Rotary Switch Part No. 60198 to read ене TS 
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EICO—LEADER IN CREATIVE ELECTRONICS 


For over 23 years, EICO has been designing and manufacturing 
electronic products and is now the world’s largest producer of elec- 
tronic kits and factory wired equipment marketed exclusively through 
dealers and distributors throughout the world. 

Whatever your electronics interest, there’s a wide range of ver- 
satile, professional EICO products for you to choose from, and each 
designed to provide you with the most pleasure and quality perform- 
ance for your money. 

The fact that more than 3 million EICO products are in use 
throughout the world attests to their quality and performance. EICO 
kits are so popular because they represent the best value and are 
available for inspection and immediate over-the-counter delivery at 
more than 2500 EICO dealers and distributors. 

Should you have any questions about the selection or applications 
of any EICO product, you may at any time consult by mail with our 
technical correspondence staff. There's no charge for this service. 

For your added convenience — EICO has set up a network of 200 
service stations to make available to you on a local neighborhood 
basis the same high-quality technical service competence and replace- 
ment parts you get from our factory, should you ever need them. 

The EICO Catalog is available to you Free for the asking. The cat- 
alog describes Eico's complete line of 200 “Best Buys” in Electronics. 
Cortina* Stereo Components, EICOCRAFT* Solid State electronic proj- 
ects, Citizens Band 2-Way Radios, Automotive electronics, Amateur 
Radio equipment, Visutronic® Educational Training Aids, TRUVOHM® 
professional Multimeters and the famous EICO line of Test Instruments 
for home, shop, factory, laboratory and school. 
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ЕСО PROBES AVAILABLE INCLUDE: 





NEW! PSI-I SIGNAL INJECTOR PROBE 


Supplies signal to be injected into any IF or RF radio and 
TV circuit. Instantaneous test to locate dead section of the 
receiver. 


PLC 'SCOPE LOW CAPACITY PROBE 


Use in high frequency, high impedance applications. Check 
RF and various TV signals without loading circuit. 


PSD 'SCOPE DEMODULATOR PROBE 


Demodulates AM carriers between 150 kHz and 250 MHz. 
Makes ‘scope into signal tracer and analyzer. 


PD 'SCOPE DIRECT PROBE а 
Use in low frequency, low impedance applications. Elim- 
inates stray pickup and signal radiation. 


PRF-11 VTVM RF PROBE 


Use with standard meter to measure frequencies to 250 MHz. 


Good for all RF and iF measurements. +10% accuracy. 


UP UNI-PROBE | 


Exclusive EICO designed probe for use with any VTVM. 
Instantly changes from DC to AC/ohms probe. 


HVP-2 HIGH VOLTAGE PROBE 

Use with VTVM or VOM with more than 20,000 ohm /volt 
impedance to measure voltages up to 30,000 volts. Con- 
structed and tested to insure maximum safety. Complete 
: with 1090 Megohm Multiplier Resistor. 


EICO Electronic Instrument Со., Inc. 
283 Malta Street, Brooklyn, N. Y. 11207 
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| ASSEMBLY | 
INSTRUCTIONS 





FUNCTION 


This direct test probe is used in low impedance circuits where direct connection to the test point is required in 
order to utilize maximum scope sensitivity. The probe eliminates stray pickup and signal radiation. It is ap- 
plicable to any scope. 


SPECIFICATIONS 


Probe output: Identical to probe input. 
Color code: Yellow. 


SCHEMATIC DIAGRAM 


NOTE: If you bought your probe in kit form proceed to the Kit Assembly Instructions portion of this sheet. 
GENERAL INSTRUCTIONS 


Use standard signal tracing methods. If isolation is required, open the probe by unscrewing the plastic nose- 
piece and pulling the terminal board out from the shell. (See figure 6.) Disconnect the inner conductor from 
the probe tip. (See figure 5.) Shorten the shielded lead and connect a 47 kilohm resistor between the probe 
tip and the inner conductor of the shielded lead. Reassemble the terminal board into the probe shell. 


PARTS LIST 


| Іі Suen з] Іі Suen з] 


Washer, rubber 

Spade lug " wo 
Spring . 04 
Clip, alligator Ғы! 
Wire, hook-up, #22 stranded, black . 02/ft. 
Cable, coaxial, grey . 07/ft. 
Instruction & construction folder i ^ ----- 
Terminal board assembly „14 


Consists of: 


42507 - standoff eyelet, 1/8" dia. , 
w/flag (1) 
45004 - eyelet, small (1) 
54509 - terminal board (1) 
Probe shell, printed 2.40 
Plastic nosepiece 1.00 
Probe tip „50 





When ordering replacement parts, specify description and part number. Remittance must be made with order. 
Minimum billing $2.50. Prices and specifications are subject to change without notice. 


KIT ASSEMBLY INSTRUCTIONS 


If this probe was purchased in kit form, follow the wiring and assembly procedures, exactly as indicated. Please 
note the following: 


a. Use only the best rosin core solder. DO NOT USE ACID CORE SOLDER OR ACID FLUX, as this will void 
any warranty. Use standard soldering procedures. Do not use excess heat when soldering the shielded 
cable. 


b. Unpack the kit and check each part against the parts list. 





Construction Procedure 
1. ( ) Figure 1. Press Ні the probe tip into the rectangular notch at опе 


end of the board. я | зон 
2. () Figure 2. Strip the insulation back 1-3/8" from one end of Ше 

stranded wire. Insert it into the spring, as shown in Figure 3. | 

Let 7/8" of bare wire protrude beyond Ше edge of Ше spring. 


Solder the wire to the spring, as shown. Figure 1. 








Figure 3. 


3. () Figure 4. Strip the outer insulation back 3/4" from one end of the coaxial cable. Cut the braided 
shield so that it protrudes 1/4" from the outer insulation. Strip the insulation back 1/4" from Ше end 
of the inner conductor. Strip off a 1/2" length of insulation at the location noted in the figure. It is 
3-3/4" from Ше end of the cable or 3" from the end of the insulation. 


мыш Peres ва HS 
1 ti 1 |: | і lea 
pk, ПАР 


Figure 4. 





4. () Figure 3. Insert the trimmed end of the cable into the spring until a 4-1/2" length of cable protrudes 
from the edge of the spring which was just soldered. Push the rubber washer over the insulation and 


the stranded wire, as shown in Figure 5. 
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Figure 5. 








Figure 5. Lay the cable assembly on Ше side of Ше terminal board with the solder lug. Solder Ше 
inner conductor of the cable to the flat shank on the probe tip. Bend the solder lug so that it grips the 
cable braid and the stranded wire. Solder the braid and the stranded wire to the lug. Cut off excess wire 


Figure 6. Pass the free ends of the coaxial cable and the stranded lead through the probe shell from 
the threaded end. With a rocking motion, using a minimum of force, push the terminal board into the 
probe shell so that the spring protrudes out of the rolled-over end. 


Figure 6. Pass the plastic nosepiece over the probe tip and screw it into the shell. 


Figure 6. Cut 3-1/2" off from the stranded wire. Strip the insulation back 1/4" from the end of the 
stranded wire. Solder an alligator clip to this end of the stranded wire. 


Figure 6. On the free end of the coaxial cable, strip the outer insulation back 3". Cut the braided 
shield so that it protrudes 3/8" from the outer insulation. Strip the insulation back 1/2" from the end of 
the inner conductor. 


Figure 6. Strip the insulation back 1/2" from both ends of the 3-1/2" piece of stranded wire. Wrap 
one end around the braid shield of the coaxial cable and solder, being careful not to overheat the cable. 


Figure 6. Solder one spade lug to the free end of the 3-1/2" piece of stranded wire and solder a second 
spade lug to the free end of the inner conductor of the coaxial cable. 





